ization are logically rational so that the need for additional treatment with PCI to control symptoms can be assessed. 6, 7 Although suboptimal translation of important clinical findings to routine clinical care has been previously documented, [8] [9] [10] [11] [12] including in patients with CAD, 13 this has never been shown in the setting of PCI, a common and costly procedure. 8 Furthermore, the effect of widely publicized clinical trials, such as the COURAGE trial, 14 has not been examined.
We therefore sought to describe current practice patterns surrounding the use of OMT before and after PCI and to examine whether the use of OMT changed after the publication of the COURAGE trial. By conducting this analysis in the largest PCI registry in the United States to our knowledge, we sought to describe whether clinical practice appeared to reflect adoption of clinical trial evidence and illuminate opportunities to improve patient care.
METHODS

Data Source
Within the National Cardiovascular Data Registry, we analyzed data from the CathPCI Registry, which is cosponsored by the American College of Cardiology and the Society for Cardiovascular Angiography and Interventions. The CathPCI Registry is a national registry of hospitals in the United States and has been previously described. [15] [16] [17] [18] In brief, cardiac catheterization laboratories submit data on consecutive patients receiving PCI according to rigorous data quality assurance standards, including data completeness and validity checks upon entry, and periodic site audits. In return for submitting data, institutions receive performance reports that aid quality improvement efforts.
Demographic and clinical data including admission symptoms, cardiovascular risk factors, medications on admission to and in the catheterization laboratory, and medications on discharge from the hospital are collected. In addition, the National Cardiovascular Data Registry contains detailed technical data regarding the catheterization procedure, the angiographic findings, and the coronary interventions performed. Specifically, we examined changes in the use of OMT before PCI and at the time of discharge, both before and after the publication of the COURAGE trial.
Because this research involved analysis of an existing database without the use of patient identification, the Weill Cornell Medical College institutional review board authorized an exemption. Race/ethnicity was classified from retrospective chart review at each institution with options defined by the National Cardiovascular Data Registry to assess for differences in care patterns between racial and ethnic groups.
Study Population
We analyzed data from 2 study periods surrounding the . A 3-month period after the release of the COURAGE trial was excluded to allow for dissemination of the study's results. In these periods, we identified patients without acute coronary syndrome presenting for elective PCI. Similar to, although less restrictive than, the entry criteria from the COURAGE trial, our analysis excluded patients with cardiogenic shock, left main CAD of 50% or more without prior coronary artery bypass graft (CABG) surgery, and a left ventricular ejection fraction of 30% or less.
We then restricted the analyses for 2 sensitivity analyses. First, we conducted an analysis that approximated the COURAGE entry criteria even more closely by also excluding patients without a lesion of at least 70% and a positive stress test, or without a lesion of at least 80% and symptoms, and with prior PCI or CABG surgery in the 6 months before the index procedure. Second, we performed an analysis limiting the study population to only those patients with known cardiovascular disease (documented history of prior myocardial infarction, PCI, CABG surgery, peripheral artery disease, cardiovascular disease, or a diagnosis of stable angina) before the PCI so as to identify patients whose coronary disease was not newly diagnosed at the time of PCI.
Definitions of OMT
Similar analytic strategies were used in both study periods. The primary end points were the rates of OMT before and after PCI between the 2 study periods. Both before and after PCI OMT were defined similarly as patients being prescribed aspirin (or thienopyridine if after PCI), ␤-blocker, and a statin, or having contraindications to these therapies. To be categorized as receiving OMT, individual patients must have been either prescribed or had reported contraindications to all medications in each category. For example, if a patient before PCI was taking an aspirin and a ␤-blocker and had a documented contraindication to a statin, that patient would be categorized as meeting OMT. If a patient did not meet all elements for OMT, through either being prescribed or by having a documented contraindication, then that patient was classified as not receiving OMT.
The composite OMT percentages, both before and after PCI, were calculated using the number of patients receiving OMT, as defined above, as the numerator and the total number of patients receiving PCI as the denominator. Data on the use of angiotensinconverting enzyme (ACE) inhibitors or angiotensin II receptor blockers (ARBs) were recorded at discharge and could be used to calculate their use among those patients in whom they were clinically indicated. Therefore, in keeping with the COURAGE definition of OMT for patients with documented CAD, which encouraged an ACE inhibitor or ARB for all patients, 4 and given that the guidelines for chronic stable ischemic heart disease also recommend an ACE inhibitor or ARB for important subgroups of patients, 19 we also examined OMT af- 
RESULTS
The initial CathPCI Registry population in the study period included 1 680 753 PCI procedures. After excluding 1 198 842 patients (71.3%) who did not have elective PCI for stable CAD, 12 990 patients (0.8%) who did not meet the COURAGE trial entry criteria, and 1710 patients (0.1% of total population, 0.4% of study population) who died or had missing data, the final study population included 467 211 patients (27.8% of the total CathPCI Registry data set in the study period).
Rates of patients with missing data and deaths were similar between the 2 periods.
A total of 1013 hospitals participated in the CathPCI Registry during the study, one of which was excluded due to missing data. The hospitals had a mean of 458 beds, were mostly urban (60.3%), were mostly private or community hospitals (87.4%), and approximately half were teaching hospitals (51.6%). The median (interquartile range) annual PCI volume in the hospitals was 875 (548-1478) cases.
A total of 467 211 patients receiving PCI procedures were included in the analysis, with 173 416 patients (37.1%) and 293 795 patients (62.9%) in the before and after COURAGE periods, respectively. The mean number of patients per month in the study was 10 865 (range, 6824-14 473 patients). In general, patients who were receiving OMT before their PCI had more comorbidities and prior cardiovascular disease compared with patients who (Table 3) .
Use of OMT Following PCI Before and After the COURAGE Trial
The overall rate of OMT (aspirin or thienopyridine, ␤-blocker, and statin) after PCI, a time at which the diagnosis of significant obstructive Abbreviations: CI, confidence interval; CVD, cardiovascular disease; OMT, optimal medical therapy; PCI, percutaneous coronary intervention. a PϽ.001 for all comparisons of before PCI and after PCI. Individual medications are defined as either being prescribed a medication or having a documented contraindication. b Defined as either being prescribed, or having a documented contraindication, to all medicines (antiplatelet agent, ␤-blocker, and statin). c Antiplatelet is defined as aspirin for before PCI and as aspirin or thienopyridine for after PCI.
CAD had been confirmed, before the COURAGE trial was 63.5% (95% CI, 63.3%-63.7%; n = 110 085) and increased to 66.0% (95% CI, 65.8%-6 6 . 1 % ; n = 1 9 3 7 7 9 ) a f t e r t h e COURAGE trial (P Ͻ.001) ( Table 3 ). The time-series analysis of OMT use after PCI also showed no noticeable increase in the months after the C O U R A G E t r i a l p u b l i c a t i o n (Figure) .
Using the OMT definition for patients after PCI of aspirin or thienopyridine, ␤-blockers, statin, and ACE inhibitor or ARB for eligible patients (n = 413 470 [88.5% of total population]), the rates of OMT in patients were 43.4% (95% CI, 43.2%-43.6%; n=75 247) and 45.9% (95% CI, 45.7%-46.1%; n=134 843) before and after the COURAGE trial, respectively (PϽ.001 for difference between the periods). The rates of the individual components of this secondary prevention also increased slightly over time (Table 3) . Of all the secondary prevention medications after PCI, only the aspirin or thienopyridine was applied to a high degree in 171 716 patients (99.0%; 95% CI, 99.0%-99.1%) and 291 541 patients (99.2%; 95% CI, 99.2%-99.3%) before and after the COURAGE trial, respectively (PϽ .001).
Sensitivity Analyses
A sensitivity analysis restricted to the population of patients more closely meeting the inclusion and exclusion criteria of the COURAGE trial (265 184 total patients; 98 565 and 166 619 patients before and after the COURAGE trial, respectively) did not substantially alter the estimates of OMT use before PCI (before PCI OMT rate before the COURAGE trial was 40 
COMMENT
Our study demonstrated that less than half of patients undergoing PCI are taking OMT before their procedure, despite the guideline-based recommendations to maximize OMT and the clinical logic of doing so before PCI so that the need for additional symptom relief from revascularization can be appreciated. Even after publication of the COURAGE trial, little change in this practice pattern was observed. Although clinicians did increase the use of OMT before discharge, with antiplatelet agents being almost universally applied, almost a third of patients were not treated with OMT, a pattern that also did not change after the COURAGE trial was published. Collectively, these findings suggest a significant opportunity for improvement and a limited effect of an expensive, highly publicized clinical trial on routine clinical practice. Supporting the potential to improve treatment patterns, 79% of patients after receiving PCI in the COURAGE trial received the combination of aspirin, ␤-blockers, and statins at 5 years after randomization and 55% received the combination of aspirin, ␤-blockers, statins, and ACE inhibitors or ARB 4 compared with our finding of 66% and 46% being prescribed these therapies at the time of discharge from PCI. The COURAGE trial investigators recently described the differences between the OMT delivery in the trial and that which may be possible in routine practice, concluding that health system modifications are needed to achieve successful application of OMT in practice. 20 Our study demonstrates that although the use of OMT increases before discharge after PCI, there remains an important opportunity to develop innovative strategies to increase medical therapy in the comprehensive care of patients undergoing PCI, both before and after the procedure. The responsibility of administering the full complement of medical therapy, however, ought not to be placed solely on the interventional cardiologist, but rather be a shared responsibility with the primary physicians caring for the patient.
Our findings suggest a promising possibility of developing better care through better collaboration. Although patients with stable CAD who are receiving PCI are often only in the hospital for less than 24 hours, multidisciplinary teams could use this time to optimize a patient's medical regimen, use the "teachable moment" of an invasive procedure to impart to patients the importance of medication adherence, and engage the patient in a program that supports the transition of care so that important medications are implemented.
Our study is congruent with and extends an extensive literature documenting suboptimal use of recommended preventative therapies. 13, [21] [22] [23] [24] [25] [26] [27] [28] Although a single center study did show a small increase in the use of antiischemia medications and initial OMT strategies following the release of the COURAGE trial, 29 our results in a significantly larger national sample are more representative of current US practice.
In an era of increasing demand for comparative effectiveness studies, our findings highlight a challenge in translating the results of such studies to clinical practice. The purpose of the $33.5 million COURAGE trial was to compare the effectiveness of 2 treatment strategies for patients with stable CAD. However, despite enrolling 2287 patients from 50 sites in the United States and Canada, 30 the virtually flat timetrends in our study show that the COURAGE trial results did little to change practice patterns of providing OMT for patients with stable CAD receiving PCI in the United States. Although other studies have shown a decrease in the use of PCI, 31 particularly for those patients with stable CAD, 32 suggesting that the COURAGE trial results are being applied before referral for PCI, our findings demonstrate a continued opportunity to improve care among those patients who do receive PCI. Although we observed small statistical increases in OMT after the COURAGE trial, these numeric increases are of marginal clinical significance and suggest that the field of comparative effectiveness research, being supported by the Patient Protection and Affordable Care Act with funding and establishment of the Patient-Centered Outcomes Research Institute, 33 will need to invest heavily in implementation research to facilitate the translation of evidence from "bench to behavior." 34, 35 There are several possible reasons why the COURAGE trial results may not have been incorporated into practice to the extent that might have been anticipated. First, the results of the trial were not universally accepted, due in part to the selected group of patients studied in the trial. 36 However, even if the COURAGE trial population represented a selected group of those patients undergoing PCI, there is no clinical logic to support that secondary prevention with aspirin, ␤-blockers, and statins among patients who are not eligible for the COURAGE trial would not be important in optimizing their longterm outcomes. Second, a continued knowledge gap may exist regarding the principal findings of the COURAGE trial. This seems unlikely, however, given the almost unprecedented publicity that surrounded the trial. Third, the generalized challenges of implementing both clinical trial data and practice guidelines into clinical use may have been a factor [9] [10] [11] [12] 37, 38 ; however, the use of antiplatelet therapy was successfully applied in virtually all patients. In addition, some physicians may believe that stents are better than medical therapy for patients with stable CAD, even in the absence of evidence to support this view. 39 Our study identifies a promising opportunity to improve the quality of care for patients undergoing PCI. Given the scientific consensus on the importance of optimizing medical therapy in patients with CAD, regardless of whether revascularization is performed, it is logical to conclude that attempting OMT before PCI is important. Moreover, if the COURAGE trial study results were to be implemented in practice, a patient with stable CAD would have a diagnostic coronary angiogram and, if not receiving OMT, could defer PCI until OMT had been applied with continued symptoms. Because all of the patients in our study received PCI, rather than only diagnostic coronary angiograms, it is reasonable to assess for the degree of OMT before the procedure. Moreover, even among those patients with previously known cardiovascular disease, approximately half (46.4%) were not receiving OMT before PCI, despite having definite indications for aggressive secondary prevention. Not only can OMT minimize the risk of mortality in appropriate patients, but many patients with symptoms may no longer have those symptoms after OMT is initiated, thereby decreasing the eventual need for revascularization. In the COURAGE trial, the quality of life benefit for OMT alone was 3 to 4 times greater than the incremental benefit of PCI over OMT. 6 From a societal perspective, aggressive use of OMT, including before PCI, offers the opportunity to both improve survival and decrease costs by potentially avoiding PCI in those patients who become asymptomatic after OMT alone. However, achievement of OMT in clinical practice is clearly a challenge.
Our study should be interpreted in the context of several potential limitations. First, because the study population is derived from a group of institutions who participate in the registry, it may reflect institutions that are more focused on evidence-based medicine. However, any selection bias from this would be expected to overestimate the application of OMT, suggesting that the findings may be conservative. Second, medication contraindications may be underdocumented in the registry, which could underestimate OMT rates. However, any underdocumentation of contraindications would not be expected to differ before and after the COURAGE trial, thus not altering the finding that rates of OMT were similar between periods. Third, some clinicians may have recommended the use of OMT to the referring physicians but not instituted the recommendations in the patients themselves. There is, however, a large body of literature showing that sustained use of medications is markedly higher among those patients who were discharged on these medications than those who were not. [40] [41] [42] [43] For example, Butler et al 41 showed that ␤-blocker prescriptions at the time of hospital discharge after a myocardial infarction were associated with significantly higher 1-year adherence, underscoring the importance of actually prescribing rather than just recommending OMT. In addition, we evaluated a cohort of patients undergoing PCI. A higher proportion of patients with stable angina may have been treated with OMT alone after the publication of the COURAGE trial, but this would not undermine the value of attempting OMT before PCI.
In conclusion, our study identifies an important opportunity to optimize medical therapy before and after PCI. Our study also highlights the modest changes in clinical practice after the publication of a large randomized controlled trial underscoring the importance of OMT in stable ischemic heart disease. These findings support a call for innovations in how OMT is incorporated into interventional strategies and for improving the translation of clinical evidence into practice.
